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ORE” Ooe mmgms*h* Research Buoy

QR @ 45-7eo. square vesssl displacing
R :z‘wata}y 185 tous, wae developed by the Marine
,..yr' wa laburainry to eerve projects at the labo-
rgrory which Tequire e launch, retrieval, ‘plan-
ar bandiing of large equipments Oy systems In
oo oceia. Amoag t ese sre:
Lo 7R (remale yndervater manipula-
TNy wa‘:x*;ﬂ!ed, bottomn crawling vehicle.
1. "&:ucr Laboratory”; an elestronic
st opod data transmission center, remorely
Aervred and maintalnend oo the sea floor.
3. Acouvstle tvarsducers and hyvdrophooe

tn coctrazr o PLE, ORB is designed to
el the motien of the gea gurface as closely as
wuitie, fo order W simptily the taak of placing and
mtowsizg large objerta in e oosad. The vessel
nas e center well of 15- by 20-foot aves which can
s ooeotd G peymit equipment 1 be lowera] through
r. iealds up 12 tors ave safely handled w.lia
=ysien hat fachides ¢ number of sutomatic contrel
ar::-as, and can be lrwered to a maximum depth of
0, 50 feet. The supbortleg cable &lso zerves ai-
ﬂmifaammty m rangrait ds much as 30 kilowatts of
sowey to the remole equipinent, and © return from
it a varist; of das, including :levision vigeo aig-
aelis.

CRB g 14 feet high from keel © helicopter
3&'1 it hay o aetes of self-propuleion and must
e wwed o and from operiling avess. The vessel
& ey ‘witk dizeel genersting sels 10 provide
30 xliowstia of eleciricat power. ORB'e equipment
2ign mcluder 2 mormal amome of cavigetion ulds,
comreunicatiss and safety equipment. It carvies
Zuel and water Tor a stay of vp w 45 deys while
minuted on statlsn.  Personnc! rotation &t ses where
noces3ary may Be accamptiched by elther small
brat or helloonier,

"RUM'" Remonte Urnderweter Manipulator

RUM is a remotely controlled, tracked sea
fiocor work vehicle which has been developed under
the sponsorship of the Office of Naval Research at
the Msarine Physical Laborztory for use as a rz-
gearch tool in sea floor technology urperimoents.

The hull, tracks and suspension system of
the RUM vehicle ave those of ar "ONTCS, *a surplus
Mariee Corps tracred rifle.

Allpower, telemetrylor control and inotru-
mentation, sonar, nav gation alds end television are
traasmitted over the single coaxial umoilical ceble
connecting the RUM t ORB,

The vehicle le propelied by two fndeperd-
ently tontrolled reversible 7-1/2 horsepower direct
current motors, ooe driving cach frack. Other
equipment inciudesa twn television cameras, eight
500 watt lights, a scanning gonar, depth souader,
magnetic compass, an ecoustic trensponder navi-
gation syatem end numerous other kinds of instru-
mentation to monitor operationsi conditions.

All of the elsctrical and electronic com-
ponents with the exception of the TV cameras and
Hghts are lmmersed in oli and operate 2t amblent
preasures of up to %000 psi.,

Tke manipulater i3 cepable of working off
of either side or to the rear of the vehiCle and is
capable of exerting 30pounds of force ia 2ny directlon
at full arn.s length. Ia addition the maairulator
boom is equip)ed with a hook capable of Lifting loads
of vp o 100 pounds and moving them about op the
ocean floor. The mantpulsvor boom swings in en
arc of atout 300* around a king post Jocated at the
rear ceoter of the rehicle. The boom 19 ralsed and
fowared by a motor-driven wire rope topping lify,
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SEA FLOOR TECHNOLOGY
REPORT No., 2

GRB - RUM OPERATIONS
MARCH THROUGH AUGUST 1970

Victor C. Anderson
Daniel K. Gibson

University of Califcrnia, Ssn Diegn

Marinc Physical Laboratory of the

Scripps Institutiva of Occanography
San Diego, Californiz 92152

ABSTRACT

Three successive operations with: the ORB - RUM sea
floor work system in water deptas of 100 to 3300 feet
are described. Operaticnal experience gained. tech-
nical problems encountered amt their solutions are
areas of particular interest.

introduction

The ORB - RUM sea floor work system has
beentaken to sea four times for the express purpnse
of gaiuing overational <xperience and for system
test, evaluation and debugging. The first operation
was conducted injanuary 1970 and hasbeendescribed
in dexail in a previous rcport.l The other three
are described herein,

By Auguist 7th RUM had logged 2 total of 115
hours of oparation on the sea floor out of approxi-
mateiy 350 hours on station at sea. Of the total
operating hour3, 55-1/2 have been in shallow water
of 40 to 150-foot depth where 51, 150 feet of traverse
over the bottom werc logged. Most of the shallow
water operations were on firm sandy bottom where
RUM cculd serve as a mobile anchor towing OR3B
aloag on the sea surface above, In addition some
\tmited experience mancuvaering in soft silt and over
cobbles was also gained.

Deeper operations a1 1200 to 3400-foot depths
accunt for the remaining 59-1/2 hours on the bot-
tom. These operations were in the very soft sedi-

ments on the floors of the ".a Jolla Canyon and the
San Diego Trough over which a total of 4400 feet of
traverse were logped. Thelongestsingle continuous
vperation was on the flonr of the La Jolla Caayen
lasting 29-1/2 hours on August 5th and 6th.

Of the 115 hours total uvperation, approxi-
mazely 37 were devoted specifically to exploratory
maneuvers designed to develup 4 improve cper-
ating rkills and techniques. Twenty five hours were
spent in mancuvers providing a free field calibra-
tion of the magnet:c compass, Twenty-four hours of
search and recovery exercises were carried out,
Twenty hours were devoted strictly o functicnal
chieckoutof the svstem and about ninehours of mani-
pulation have been togged.

Shallow Water Operations - March 14-20

The chart (Figure 1) shows the three areas
is whichoperations wer2 conducted. The first arca,
for the March Hdth, 1Sth and March 19th and 20th
operations located at 317°12°'W, 32¢32,5'N, was
chosen for its relatively flat, medium sandy bottom,
and for its ncar shore location with good Jandmarks
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for visual verification of basc Imes selected {or the
placement of acoustic navigativnal transporders,
The primary objective of this vperation was to oh-
tzin a free fleld calibration of the RUM magnetic
compass. The flat firm bottom made it possible to
hold the RUM vehicle on a steady compass heading
over large cnough distances te obtaina reasopably
accurate compass calibration by comparison with
the track of the vehicle position as obtained from the
well-camablished transpoider field. RUM wasdriver
on wagnetic compass headings of 000°, (122,5¢, 045 |
067.5° and so on at 22,3¢ course changes 10337.5°,
A distance of 70¢ feet or more was driven on eacl
course with position plotted at the beginning and end
Gf cacn run by measaring range to the three tran-
sponders. The trac conrse of the vehicle was ob-

tained by drawing a line througl the plotted start and
finish positions, The compass calibration sbtained
by drawing a ssnooth curs ¢ through these 22.5° data
ooints is shown in Fijure 2, Distance traveied as
indicated bytrack turns coents onthe vehicle, agresd
vy well with distence between plotted positions.
All errors were less than 57,

During this cutire exercise of aver 22 avers,
RUM was operated with a track pressare of 1.5 to
1.73 ma (cable tension of 3 to 6 thousand pounds}.
S onital distanee of over 3-172 miles was d.iven witn
RUDN; towing ORB alcny on the sea surface overhead.

The acoastic transponxders  were equipped
with surface floarts, attached by Lina, for casy
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Fig, 2. Compass cahbratvn

recovery, During the recovery operation, RUM was
driven right vp to each transponds<t 50 that the cur-
face float could b picked up from the deck of ORB
with a boat hook. The water depth ranged feom 110
to 120 fecet,

Deep Watee Opcrations - March 21

The first deep test of RUM was carried out
on he fellowing dayv. Moarch 2ixt, n 3300 feet of
water ar 117°26,15°%W, 12°33°'N, ORB was held in
position by a single vint deep meor during this
operation,

TV viewing in the mid-water depths on the
way to the bounm wr~ oulstanding with objects
cluarly visible at 13 feet oh lile wisible back
scatter, The visibility on the bottom, althaugh not
AS good as in the mid-water depths, was superior to
any experienced in the provious shallow water tests.
A couple of starfish walking cwav from the vehicle
and some scrurchins were identifiable at an ost3-
mated distancs of § to 10 feet.

Litnited time on the bettom did not allow for
determination of optimum track prosaurs. however
the expericnce dia indicate that the vehicle would
prabably fave to be operatid at somsthing less than
1 nst track pressure in order to manenver Cver tac
soft sediment encountered,  In iddition to the gen-
eral clouding of the water, caused by the moving
vehicle churning up the bertom, & well-defined. oy
densc turbidity cloud was observed to roll out {rom
under the vehicle and across the sea floor 3t a velo-
city of & few inches por secend,  The hedgitt of thie
cloud appeared nover to excged a {ow inches, prob-
ably lcss than onc foot, This I Keavy cloud

SK) Relerence T3-29

stemd 10 be vasffected b uerent, slways 1othayg
aut in the dircction of vdivle mosion ahile the grn-
ersl averall chsuding was swept away in the dowe
currens disection.

Another phepemeron ehsyryal, was that a5
the vaucle war griven agd sadiment accomulsiod in
the tracks, 1 éohicle weight increaswsd forming »
regencrative s,% e nherein e iscresset weght
causes Soeper ponetration which is ra caus é
zrctor sodimedat accumulatioin. At vuc pein the
vehicle weigly was poteg o Bave incTeasod 3009 s
hetwenn sot down ot Lt o1, Afnegh a depth re-
Iavcd probiem sith poror comrrat comactors inRUM
forcad an msvly termixmiion ol thexe tosts, a good
dea¥oef v hain: expericncs was pained during the one
fiour of opefation in the unfimiliar deep sodiinents,

Fower Cortactur Failares

Upon reiurn & pott. 2 careful inspectien ve-
vealed that all power contrel costactur fallures,
which had occurred during this tast deep test of the
vohicle, were axsociated with a particular type of
centactor, These were faund to have hadly burned
contacts and extensive carbordeposit bujld-up in the
cantact arcs. cven to the point of actually bridging
acrass the contacts in some cascs. AlY contiactors
of this type uscd {or power control were replaced by
awother type having farzer contacts and whicr con-
tact spacing. The type asod fer replaccuent Yo
selected atrictiv on the basie that sevesat had af-
ready seen limited service in the vehicle withiout
falere e to this date,

Lz lolla Canyea Operations - Apnit 6-8

Aoy othier kaown system deficiencies were
correcize «ied OAB returned to sea en April 6th for
operations at 125 to ..:(t)-foat depth on the iloor of
e 0 lolls Camor, The bwation for this opuration
nerr 117 O18.5°W, 32¢3%,3 N ix afyo poted on the
chart (Fyure U, Precision positioning of ORS over
the marrov Lo ja¥la Capvon was accomplishod by
using raday ranges t the dwmd of the Kripms pier,
2-1,2 to 3 miles wvay, arnd cronsit heayiags to ORR
takuen by 2tr«ns=it team on the head of she pier. Con-
Sraons tadiv communications between ORB wad the
transit wcam were naintained,

QRA was towad stoacly nto position, guigad
by the mracking team. for the placement of each of 2
anchors sel on 2 nortwest-southeast baseline. at
approxinwctcly ene mile seperation, The RUM oper-
ating area was nearly midwsy betwoen the twa an-
chers, Firure 3 shows the approsamate aaclor im-
plant locations and the canvon topography i the im-
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n7°1s 30"

32° 532

32° 54

COMTRCL BASE LINE

| 32° 52°

w717 30°

= modaate avez, The anchors and Hoes were hamtled
fram tha deck of ORB.

1 Over 13hours of aperation on the fleor of the
o <. on were bgred between §130 and 1800, Aprd
e 7th.

Ui

L RUM was driven on a series of courses and
~ specds at track pressares from 3,250 1.3 psi. It
it was determined tha? at track pressures in excess 6f
y 0.5 pst. RUM scon bogmed down in the st sedi-

. ments. The recenerative conditien wherein RUM
b gainod weight {rom accumuiated silt in the tracks
-4 was «2in experienced. At x track pressure of €,25
% psi difficuity with steering was coxpericnsid. A

tinck pressure of 9.1 @ O3 o8i was waed for the
rersataler of the speration.

1t was also woted that when RUM was driven
# distance of $0 to 120 (ot away from a point direct-
Iy under ORB. forward saction woald be lost indis
cating that traction slippoge tad eccurced, This
cendition occurs at an catimated 3 o 7 degree wive
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Fig, 3. Lo Jollz Cunyon operating arca.

amgle.  Uxing this wire angle and tiie wirs tension
of aprroximately 10,000 Ibs. one cah compte 2
harizontal force cemponent therchy providing 2
rough estimate of maximum draw tar padl capabitity
of the vehicle,  The cstimate obtiined under these
cenditions was 02 ibs,

The marviplator nas deployed. chocked out
and the prip swung i6 an are scribing & line across
the track depression i an effort to estimate its
Gepth.  Exinates, by varioes peeple present and
vicwint the act o TV, variad from 3 to 6 inches,
The failure of 2 pawer comtactor controlling the
raise ~Jower functionof the maasipulator derrick pre-
vortud the carryving ar of ary sorioss manipulstion
tasEs,

Vixitulity wxs quite good and & mmber of
pslaroid pictures were fiker of the TU display,
Prebloms with the video recorder prevented recond -
ing of the TV svene ather thaa the pfavoid shap-
shirs. Figurer 2 and 5 are represeatative of thye
picturss taken. In Fraured ¢ large fish is scen tear
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